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*During the spring of 1981, a manned camp was established on a drifting

ice floe north of Spitzbergen. During the 61 days of occupation, the Arctic

Oceanography Department of Lamont-Doherty Geological Observatory obtained a

total of 194 STD stations from the combined efforts of personnel in charge of

camp-based and he licop ter -based operations. This report describes the methods

used in the acquisition and processing of the data and provides output for

each cast.

The output consists of standard level listings of temperature, potential

temperature, salinity, sigma-t, specific volume anomaly, dynamic height, and

sound velocity, along with corresponding profiles of temperature, salinity and

s1gma-t.
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N INTRODUCTION

Beginning in 1979, the Office of Naval Research reoriented its basic

research activities from the Beaufort Sea of the western Arctic Ocean to the

eastern Arctic Ocean located just north of the Fram Strait with the implemen-

tation of the FRAM series of experiments from 1979 to 1982. Although FRAM II

(Dyer and Baggeroer, 1980) and FRAN IV were primarily focused toward under-

water acoustics, FRAN I (Hunkins et al., 1979) and FRAN III (Manley et al.,

1982a) were slanted toward geophysics and oceanography. Of the several dif-

ferent passages which connect the Arctic with the other oceans, Fram Strait,

which lies between Greenland and Sptizbergen, is by far the most important.

It is in this region that the major amount of heat, salt, and mass are

' exchanged with the world's oceans by way of the cooler and fresher outf lowing

polar waters and the inf lowing warmer, more saline water from the Atlantic.

N Relatively speaking, the Arctic Ocean is one of the most poorly understood

oceans, yet at the same time it may play a significant role in climatic

variability (Barry, 1983).

In order to better understand the role that the Arctic plays in the

determination and modification of climate, both locally and globally,

~ .~ important processes which control the transfer of heat, mass, and salt within

~ the context of the very complex interactions of air, sea, and ice must be

~ defined more quantitatively.

During the FRAN field experiments, the major concerns of the oceano-

graphic team were: 1) a more quantitative look at the vertical heat exchange



between the atmosphere and ocean through the ice cover (McPhee, 1.980a, b), and

2) the spatial and temporal variability of the upper layer (less than 500 m)

oceanic structure (horizontal and vertical) which resides beneath the permia-

nent ice cover (Manley et al., 1982a; Baggeroer et al., 1985).

Ship-based research in the Arctic is highly restricted to the summer ice-

free regions typically located over the bordering continental shelves and

associated marginal ice zones where ice-concentration is highly variable.

Research conducted within the deep interior of the Arctic must, however, be

-$ staged on 2-3 m thick sea ice or ice islands (continental tabular icebergs),

- -. ~ such as the newly established Canadian Arctic Ice Island located near

Ellesmere Island (MSID, 1985). These drifting manned ice camps are estab-

lished and maintained, by necessity, by aircraft ranging in size from heli-

copters to C-130s (Heiberg and Hielscher, 1985).

Once established, the differential forcing of wind (and, therefore,

stress) on the fragile sea ice cover may cause camp breakups like those at

camps Big Bear and Snowbird during the Arctic Ice Dynamics Joint Experiment in

1975-1976 and FRAN III in 1981. The constant movement of the sea ice cover

not only affects logistical operations, but also the interpretation of oceano-

-' ,.,graphic measurements. If one can consider the ocean to be in steady state

(time independent), then the observations can be easily interpreted regardless

of the rather random drift track that the ice camp takes. For very large-

scale or slowly varying processes this concept may still be acceptable, how-

ever, this concept breaks down when looking at highly variable structures such

as oscillating fronts, eddies, and other short-term local dynamics. In thesej

scenarios the time and space dependency of a vast majority of the observations
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taken from ice camps cannot be separated. As a result, the interpretation

becomes suspect and confused.

-. This basic problem, as well as having no spatial control of station loca-

tion, forced oceanographers to use aircraft as one cf their basic tools to ob-

tain rapid (nearly synoptic) views of the oceanic structure over rather large

areas. In addition, it gave them the ability to continually remap specific

areas allowing them to define temporal variability.

This report details the work that Lamont oceanographers have completed

during the FRAM III Expedition with special detail given to the camp-based and

helicopter-based C/STD data.

PHYSICAL OCEANOGRAPHY PROGRAM

Camp-Based CTD

Located at the main camp was a Mark III Neil Brown CTD system, with reel-

to-reel audio recorder and a Hewlett-Packard 1000-M series computer. The

audio recorder was used in recording the original FSK (up-the-line) signals,

while the computer system acquired, plotted, and recorded data on 9-track

tape.

Rigidly attached to the upper housing of the underwater unit was a

General Oceanics 12-bottle rosette system. The underwater package (as it will

* "now be called) was lowered through a 4 foot by 4 foot hydrohole which was cut

*, through the ice floe and over which a heated 8 foot by 16 foot hut was placed.

3
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Located directly outside the hut was the engine and hydraulic pack which

ran the specially designed winch. The winch itself was equipped with 4200 m

of Kevlar cable with two twisted-pair electrical wires.

CTD stations at the camp were nominally taken twice a day to 1500 m with

occasional casts taken to the bottom. In order to make sure that data were

taken to within 10 m of the bottom, a 12 khz pinger was also attached to the

underwater housing. The 12 khz PDR which was also located in the same hut was

then used to monitor very accurately the sensor's depth above the sea floor.

Bottle samples for calibration, as well as for geochemical analyses were

also obtained on a regular basis throughout the water column.

As the camp drifted over the edge of the Yermak Plateau (Fig. 1), more

stations were taken each day due to: 1) shallower water depth, 2) the need to
-r . -I- provide simultaneous casts at times when helicopter stations were taken, and

3) an attempt to look at intrusive layering by successive yo-yo casts.

During this time period, a total of 115 CTD stations were taken, the

positions of which were along the drift track of FRAM III (Fig. 1).

IHelicopter-Based C/STD

Oceanographers at Lamont have expended a great deal of effort in the

development of a helicopter-based C/STD system. This system was designed

"'," around the first commercially available, light weight, internally recording

C/STD system (model 202) developed and marketed by Ocean Data Equipment.

A Bell 204 helicopter was used exclusively during the FRAM experiments

and provided more than ample space for equipment, personnel and sensors. The
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equipment normally taken on a survey consisted of a 2 kw 110 VAC generator, a

winch, hand drill, and chainsaw. The generator supplied power for the hand

drill which, in turn, ran the winch. The winch itself was small, light

weight, and was equipped with 500 m of 5/32 inch Kevlar cable. An aluminum

cantilever/tripod was attached to the base of the winch while on station and

was used to guide the CTD cable through man-made holes in the ice or over

rough edges of ice floe.

Total weight of the system (including miscellaneous equipment) was

approximately 200 pounds. Navigation was via OMEGA/VLF and was good to plus

" or minus 300 m at those latitudes. Normal distances of surveys extending away

from the main camp were from 50 to 80 kin, although distances up to 150 km were

occasionally reached.

The model 202 C/STD underwater unit consisted of self-contained sensing

and recording packages which were mechanically and electrically coupled to-

gether into a single unit measuring 18 cm (7 inches) in diameter, 110 cm (4.3

feet) long and weighing 32 kgs. Values of pressure, temperature, and conduc-

tivity were always recorded at the fastest sampling rate of 5 scans per

second, with digital resolution of 12 bits over the selected range of each

sensor. After a sufficient amount of data were stored in the system's memory,

the data were then transfered to cassette tape. A normal cassette was capable

of storing some 1.6 Mbits of data, or in terms of actual operation, nearly 1.5

hours. Normally at the completion of each helicopter CTD station, the

cassette was checked for proper advancement and replaced with a new one for

the next station. Even though actual duration of the station was short

(roughly 30 minutes), this was the safest method to insure that the data were

6
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actually recorded and that the tape was not exhausted in the midst of a future

cast.

Typical duration of the rechargeable battery pack for the sonde was

roughly five hours at the low, near freezing temperatures of the water column

(-1.8 degrees C to 3.0 degrees C). Although the actual "on time" of the

underwater unit was governed primarily by the depth of the cast and the

lcwering and raising rate, five to eight stations to depths of 300 m were

normally obtained within any given survey.

Raw digital data residing on the cassettes were then converted into

S nearly final plots of pressure, temperature, and salinity with use of the

reader/display deck unit which had the most recent calibration equations of

the individual sensors incorporated into its software. Using this informa-

tion, horizontal plan views, as well as vertical cross-sections of the

temperature and salinity fields in the upper layers could be produced back at

the camp. Depending on the features observed, or lack thereof, the next day's

field operations were then scheduled.

Using this mode of operation, a total of 79 helicopter-based C/STD

stations were obtained during the FRAM III experiment. Several of these were

taken at the camp to provide intercalibration runs with the Neil Brown. The

positions of these helicopter-based stations are shown in Fig. 1. A more

detalied description of helicopter field operations during FRAM I and III are

given by Manley et al., 1982.

7

-. •.. .. . . . . .



C/STD DATA PROCESSING

During the field program, the 202 pressure transducer became inoperative

and was replaced with one from the Neil Brown CTD system spares. The replace-

ment was of a much deeper sensor, and, as a result, decreased the depth reso-

lution of the 202. Fortunately, the depth channel was recalibrated in the

-" field by way of intercalibration stations with the Neil Brown.

Prior to decimation, the intercomparison stations were rerun to provide

more exact information on pressure calibration and possible long-term drift of

the two different 202 pressure tranducers compared to the Neil Brown. From

this analysis, no long-term drift was observed and only slight calibration

differences were applied to the ODEC data prior to decimation.

Since the pre- and post-cruise calibrations of the helicopter unit (com-

pleted at Northwest Regional Calibration center, NWRCC) and the Neil Brown

unit (completed at WHOI) showed no significant deviations of the remaining

sensors, no other precursory calibrations were required before processing the

data.

Temperature lag coefficients, r, for each sensor were required, however,

prior to decimation in order to better match the temperature and conductivity

data. This was accomplished by intercomparing the up- and downtraces of

random stations throughout the entire data set using different time constants.

Best fit for a given station was determined when the ascending and decending

parts of the cast on a T-S diagram were nearly congruent. From these compari-

sons it was determined that the best overall fits occurred when T was set at

:' '. 0.0 and 0.10 seconds for pre- and post-transducer replacement on the 202, and

0.0 seconds for the Neil Brown.

8
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Due to a combination of software and hardware problems, many of the camp-

based stations were not rqtcorded on .9-track tape. As a result, audio tapes

were used to reconstruct these stations back into 9-track data and produced

typically noisier than ususal data. Even those stations recorded on 9-track

were found to be somewhat noisy, -although subsequent processing cleared up

most of these problems.

Raw data from each instrument were filtered into a uniform pressure

series (1.0 db) using a linear interpolation scheme with a window of 7 scans

centered around the desired level.

As mentioned earlier, a majority of the camp-based stations (reproduced

via audio conversion, as well as digital) were somewhat noisy. Similar

results were also seen in the helicopter data, although this was caused pri-

marily by the decreased depth resolution of the 202 resulting from the newer,

wider-range pressure transducer. In order to accomplish the required

smoothing and be consistent over all stations, two successive 5-point filters

were used on all of the decimated data.

Irregularities or spikes in the decimated data were then subjectively

removed. In most cases these were single points that were taken out and did 1

not interrupt the uniform pressure series. Occasionally, segments of data --

would have to be removed and would either be replaced by interpolated data or

left alone. Again, these decisions were subjective and depended largely on

the local conductivity and temperature structure.

At the same time, the upper 4 meters of data (estimated thickness of the

ice) were automatically removed from each station. This was done to prevent

misinterpretations of the results which were attributable to the methodology

9
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of taking the station (i.e., through hydroholes, seal holes or off the edge of

a floe).

STD CALIBRATION

Bottle data provided the final calibration for the salinity data and

proved to be the most difficult procedure to perform since it was found that

the rosette system was misfiring roughly half-way through the experiment

(i.e., a single trip on the deck unit might fire one or two bottles on the

rosette). Therefore, some of the salinity bottles obtained for calibration

purposes gave erroneous results.

In order to objectively remove the bad data, a quadratic least-squares

best-fit equation was determined for the salinity differences (Neil Brown

minus bottle) versus pressure. After each run, all bottle differences outside

a window of I standard deviation from the calculated curve were thrown out.

With the remaning values, a new best-fit equation and associated standard

Jy4 deviation were then calculated. This process was completed three times and

yielded a pressure dependent salinity calibration equation with a standard

deviation of .02°/oo (Fig. 2).

The Neil Brown salinity data were then recalculated using the determined

equation. ODEC salinities were then compared to those of the Neil Brown at

several pressure levels during the intercalibration stations. Salinity

differences showed that there was only a minor offset that needed to be

applied to the ODEC salinity data to make it conform to the calibrated Neil

Brown data.

N: 10
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OUTPUT FORMAT OF FINAL DATA

Output of the final data is provided in three different formats consist-

ing of 1) station headers, 2) standard level listings, and 3) profiles of

temperature, salinity and sigma-t (T,S,Ot) versus depth.

A station header listing provides a quick glance reference to all the

* basic station information and is found directly in front of the data section.

%The information contained within these listings includes the camp identifica-

tion; consecutive station number; a ship designation; the day, month, year,

corresponding Julian day of the start of the station; a processing code; the

minimum and maximum depths contained within the profile; and finally, the

station position and associated position errors. Table 2 defines more expli-

citly the meanings and abbreviations used in the station header listings.

In general, two profiles of T,S, and o are graphically shown on one paget

of the data report. On the facing page, the corresponding standard level

listings of the station are shown. The standard level data consist of the

parameters relating to the station, and in some cases are abbreviated to save

space. The meanings of these abbreviated terms are given in Table 2.

.12
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TABLE 1

DEFINITIONS AND MEANINGS OF ABBREVIATED TERMSw
FOR STATION HEADER LISTINGS

CAMP Project Identifier

SH Code defines whether station was taken
with Neil Brown or ODEC model 202 C/STD
CP = Neil Brown
HE - ODEC model 202

STAT CTD Station Number

MODE 1 implies downtrace

2 implies uptrace

DAY Day of Station

MON Month of Station

YR Year of Station

TIME GMT Time of Station

CODE Processing Code, see Table 2

JULDAY Julian Day (decimal) of station
(1.0 - 1 Jan 1981)

D.MIN Minimum Depth (meters) of station

D.MAX Maximum Depth (meters) of station

LATITUDE Latitude of station in decimal degrees

LONGITUDE Longitude of station in decimal degrees
(+ indicates East Longitude)
(- indicates West Longitude)

LAT.ERR Error of Latitude Position in meters

LNG.ERR Error of Longitude Position in meters

13



TABLE 2

DEFINITIONS AND MEANINGS OF ABBREVIATED TERMS FOR STANDARD LEVEL LISTINGS

Station xxx (y) Station number (xxx) and mode of trace (y) where:

CTD Station taken with CTD y - 1 indicates downtrace
y - 2 indicates uptrace

GMT Times shwon are Greenwich Mean Time

Code - I Processing Code where if I =

A) I -> 5 profile contains both temperature and salinity data.

1) data from magnetic tape
* 2) data from manual digitization of analog charts

3) filtered in salinity only
4) filtered in temperature only
5) filtered in both temperature and salinity

B) 11 -> 13 profile is in salinity only

11) data from magnetic tape
12) data from manual digitization of analog charts
13) filtered

C) 21 -> 23 profile in temperature only

21) data from magnetic tape
22) data from manual digitization of analog charts
23) filtered

, LAT Latitude in decimal degrees N (North)

LONG Longitude in decimal degrees W (West), E (East)

LTER Estimate of positional error for latitude in meters

LGER Estimate of positional error for Longitude in meters

AIR TEMP Air temperature in deg. C (0 implies no data)

BAROM Barometric pressure in millibars (0 implies no data)

WIND Wind direction in degrees true north (0 implies no data)

SPEED Wind speed in meters/sec (0 implies no data)

* 14
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S TABLE 2 (continued)

LISTING PARAMETERS

DEPTH Depth in meters

TEMP Temperature in degrees C

PTEMP Potential temperature in degrees C

SALIN Salinity in parts per thousand

SIG T Sigma-t densit3 where:
density (gm/cm ) = 1.0 ((Sig T) * 1000.0)

SPVOL Specific volume anomaly (x 10- 5cm3 /gm)

DYNHT Dynamic height (dynamic meters)

SOUND Sound velocity in meters/sec calculated from
Matthews equation

15
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The main body of the numerical listings consists of values of temperature,

potential temperature, salinity, sigma-t (at), specific volume anomaly,

dynamic height and sound velocity against various interpolated levels of

depth. Since upper surface layer data may be omitted from the data set (ice

thickness removal), surface (0 m) values of temperature and salinity are

duplicated from the first data seen in the cast. The actual first and last

levels of the data are shown as the first value below the depth of 0.0 meters

and the last value of the listing, respectively.

Corresponding profiles of temperature, salinity and sigma-t for each

standard level listing are shown on the facing page. The label at the end of

each trace (T,S, or at) indicates the parameter of temperature, salinity and

sigma-t, respectively. Scales at the upper part of the diagram are labeled to

correspond to the parameters and are also shifted with respect to one another

to provide the maximum amount of clarity of the traces. Depth is in meters.

Station identification of the profiles is in the lower left hand corner and in

the following format:

FRAM III STN-MOD
MONTH - DAY - YEAR

where
STN is the station number
MOD is the mode (1 = downtrace)

(2 - uptrace)

V..

Those stations having depths greater than 700 m are placed on a single

page. The corresponding profiles are broken up into a typical 0 to 700 m plot

on the left side, which is consistent with all other profiles in the report,

as well as the 0 to 4000 m plot which shows the remainder of the data and can

be used to intercompare other deep stations, if desired.

16
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STD DATA

The helicopter- and camp-based stations, although numbered differently in

the field, have since been interwoven into a continuous (time sequential) data

set and are presented in the following pages.

At the beginning of the main data section, a complete station header

listing Is given, again to further aid the user in more efficient use of the

report. The abbreviated headings and their meanings are given in Table 1.
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